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Abstract
Iron (Fe) and aluminum (Al) have been implicated in the pathogenesis of Alzheimer’s disease (AD). In this study, we
examined neuronal and glial cells to clarify which contributes most to metal accumulation after internalization through the
transferrin-independent iron uptake (Tf-IU) systems in primary neuronal and glial predominant (NP and GP) cells from rat
cerebral cortex, which affect the accumulation of transition metals in a variety of cultured cells. Al more significantly
upregulated the Tf-IU activity in GP cells than in NP cells. GP cells were more resistant to Fe and Al exposure than NP cells.
However, a chemiluminescence analysis specific for reactive oxygen species (ROS) showed that ROS levels in Fe- or
Al-loaded NP cells were twice as high as in Fe- or Al-loaded GP cells. Northern blot analysis and gel retardation assay
showed that the Al and Fe exposure taken up by the cells suppress Tf receptor mRNA expression to a greater extent in GP
than NP cells, indicating that Al and Fe more markedly accumulate in glial than in neuronal cells. These results suggest that
glial cells rather than neuronal cells contribute to the metal accumulation and are more resistant to oxidative stress caused by
metals than neuronal cells. The present study may help to explain the pathogenesis of neurodegeneration in AD disorders
caused by metal-generated oxidative stress. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Iron (Fe) is a required element, but is toxic to cells
in excessive amounts and accumulates in many tis-
sues including human brain [1]. Aluminum (Al) is
one of the most abundant element in the earth’s crust
and in the environment. Although Al has generally
been regarded as virtually biologically inert, evidence
has accumulated that Al is the etiologic agent in an
encephalopathy and a type of osteomalacia observed
in patients with chronic renal failure on long-term
hemodialysis [2,3]. Al reaches WM levels in the brains
of Alzheimer’s disease (AD) and dialysis patients
[4,5], aggregates L-amyloid protein in vitro [6] and
a¡ects Fe metabolism in rat cultured neuronal cells
[7]. Concentrations of Fe in Parkinsonian substantia
nigra and Al in AD cerebral cortex are elevated rel-
ative to normal control tissues [8^10]. Both metals
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also accumulate with age [2,3]. Hence, Fe and Al
may play toxic roles in the pathogenesis of Parkin-
son’s disease (PD) and AD. Accumulations of Fe
and Al might be responsible for nigral dopamine
cell death in PD and the vulnerability of cerebral
cortex in AD because unbound Fe causes membrane
lipid peroxidation in neurons and Al can accelerate
the peroxidation by Fe [11]. Therefore, Fe and Al
might be risk factors for PD and AD. However,
how these metals accumulate in the brains of patients
with the neurodegenerative disorders is unknown.
Mammalian cells take up Fe via three kinds of
iron uptake systems [12], i.e., receptor-mediated en-
docytosis (RME) [13], redox [14] and transferrin-in-
dependent iron uptake (Tf-IU) [15] systems.
Although the Fe uptake by RME is suppressed at
the post-transcriptional level in iron-replete cells,
Tf-IU is upregulated on the introduction of its trans-
porters [16]. It is known that the Tf-IU system in-
volves the accumulation of transition metals [12,15^
20]. A candidate Fe transporter protein has been
identi¢ed as a 160-kDa trimer in brush border plas-
ma membrane of the upper small intestine, although
such a carrier remains to be identi¢ed in other tissues
[21]. Recently, we found that ¢broblasts from hemo-
chromatosis patients have twice the Tf-IU of normal
cells (Oshiro et al., unpublished data). This inherited
disorder is associated with increased absorption of
Fe from the intestines, eventually leading to ‘iron
overload’ and deposition of Fe compound in many
tissues. Therefore, we postulated that the Tf-IU sys-
tems present in glial and/or neuronal cells a¡ect the
accumulation of Fe and Al in the brains of normal
individuals as well as patients with these degenerative
disorders. In the present study, we compared the Tf-
IU in NP cells with that in GP cells to clarify which
cells contribute most to Fe and to Al accumulation
in cerebral cortex. Our ¢ndings suggest that Fe and
Al play a vital role in the pathogenesis of AD and
that glia contributes most to the metal accumulation.
2. Materials and methods
2.1. Cell culture and chemicals
Rat neuronal predominant (NP) cells were pre-
pared from 18-day embryos (E18) of Wistar rats by
a method described previously [22] with modi¢ca-
tions [23]. More than 90% of the cells were identi¢ed
as neurons by labeling with antibodies to neuron
¢lament and by their morphology.
Rat glial predominant (GP) cells were prepared by
a modi¢cation of the established method [24]. This
approach yields a culture that is approximately 90%
glia by light microscopy after immunochemical stain-
ing for glial acidic ¢brillary protein. The GP cultures
contained three types of glial cells, microglia, oligo-
dendrocyte and microglia. Studies using neurons
were carried out 14 days after plating, whereas glia
were used 7 days after plating. To assess cell viabil-
ities, a visible cell count using trypan blue exclusion
was employed.
2.2. Uptake of [55Fe]nitrilotriacetate via
transferrin-independent iron uptake system
[55Fe]nitrilotriacetate ([55Fe]NTA) was used to
measure the iron transport activity via the Tf-IU
system according to a previous report [12] except
[55Fe]NTA concentration. The e¡ect of NTA with
WM level on cell viability and 55Fe uptake [25,26]
was negligible. NP or GP cells were incubated with
1 WM [55Fe]NTA for appropriate times.
2.3. E¡ect of various metals on the Tf-independent
iron uptake system in rat cortical cells
NP or GP cells were washed three times and in-
cubated in serum-free DMEM for 1 h. Thereafter,
the cells were incubated with 200 WM of various
transition metals for 24 h at 37‡C. AlCl3, FeCl3,
CuCl2, MnCl2, NiCl2, CdCl2 and ZnCl2 were che-
lated with NTA. NTA were made by addition of
each metal to a 5-fold molar excess of the disodium
salts of NTA. The Tf-IU activity was measured as
described above.
2.4. E¡ect of Al or Fe loading to NP or GP cells on
Tf-IU activity
As Tf-IU upregulates in proportional to increase
in intracellular iron [19], we estimated the degree of
Al and Fe accumulation in both cells by measuring
the Tf-IU activity after Al or Fe loading. NP or GP
cells were exposed to 50^200 WM Al- or Fe-NTA at
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37‡C for 24 h, washed three times with PBS. The
attached cells to the dishes were used for Tf-IU ac-
tivity and cell viability were measured after Al or Fe
loading. The cells were incubated with 1 WM
[55Fe]NTA at 37‡C for 10 min. The Al concentra-
tions used were estimated in AD brain [27] and in
dialysis patients [28]. After an incubation, the adher-
ent cells were washed and solubilized. The radioac-
tivities taken by attached cell was determined. Rela-
tive uptake was expressed as a ratio of the amount of
55Fe taken up by metal-loaded NP or GP cells to
uptake by the control cell without treatment. The
viable cell number of metal-loaded NP or GP cells
were determined 24 h later by trypan blue exclusion
and direct cell counts. The cell density of NP and GP
cells used for all experiments was 3U106 cells/well.
NTA with ¢nal concentrations of 100^400 WM used
in this experiment was not e¡ective on cell viability.
2.5. Northern blot analysis
After the cultured cells were exposed to 50 WM Al-
NTA or Fe-NTA at 37‡C for 24 h, cytoplasmic
RNAs were isolated from cultured cells according
to previous report [29]. The ¢lters were then exposed
to imaging plate (Fuji Photo Film Co.) at room tem-
perature for 4 h, followed by quanti¢cation with a
Fuji phosphor-imager BAS 2000. Tf-Rc mRNA was
detected using a HindIII fragment (3.5 kb) of human
Tf Rc pcD plasmid (American Type Culture Collec-
tion) [30].
2.6. Gel retardation assay
Gel retardation assay was carried out as described
previously [31,32]. After incubation with 50 WM Al-
NTA or Fe-NTA at 37‡C for 24 h, cell lysates from
GP and NP cells were prepared by lysing cells in 20
mM Hepes (pH 7.5), 2 mM dithiothreitol, 5% and
40% glycerol containing 0.5% Nonidet P-40, 1 mM
phenylmethylsulfonyl £uoride. The lysates were spun
at 13 000Ug for 10 min. The DNA template for iron-
responsive element (IRE) which is the binding site of
iron regulatory protein (IRP) was inserted to clone
with Bluescript II (Toyobo, Osaka, Japan). The 32P-
labeled RNA probes were generated according to the
Toyobo protocol using cloned T7 RNA polymerase.
The IRE/IRP complex were separated on a 5% na-
tive polyacrylamide gel. The dried gels were then ex-
posed to imaging plate to quantify with an image
analyzer.
2.7. Chemiluminescence
Reactive oxygen species (ROS) were measured by
using a non-permeant chemiluminescence probe,
2-methyl-6-(p-methoxyphenyl)-3,7-dihydroimidazo-
[1,2-a]pyrazin-3-one hydrochloride (MCLA; Tokyo
Kasei Kogyo Co.) speci¢c for superoxide (O32 ) and
singlet oxygen (1O2). Rat NP or GP cells were incu-
bated with 50 WM Al- or Fe-NTA at 37‡C for 24 h,
then washed three times with PBS. While the cells
were being incubated in PBS containing 25 WM
MCLA at 37‡C, chemiluminescence was measured
with a Chemiluminescence Reader (Tohoku Elec-
tronic Industrial Co., CLD-110) for 5 min. In addi-
tion, to examine whether O32 is produced by NP or
GP cells after Al- or Fe-loading, 0.5 WM Cu^Zn
superoxide dismutase (SOD; Sigma, USA) was
added to the reaction mixture to examine the pro-
duction of O32 in these cells.
3. Results
3.1. Tf-IU is higher in GP cells than NP cells
To characterize the Tf-IU in both NP and GP
cells, temperature dependence was examined (Fig.
1A). We compared the neuronal Tf-IU activity at
4‡C (0.74 pmol/mg per min), with all the Tf-IU in
both Fe- and Al-loaded cells at each temperature
¢rst. The iron uptake in both cells increased in a
more or less hyperbolical fashion with increasing
temperature. The Tf-IU in both cells was tempera-
ture-dependent (Fig. 1A). These results are consistent
with our previous report that the pro¢le of Tf-IU in
human ¢broblasts is hyperbolic but di¡erent from
that of RME in human ¢broblasts [12]. The pro¢le
of NP cells was similar to that of GP cells, whereas
the Tf-IU in GP cells was about twice that in NP
cells at all temperatures examined.
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3.2. The Tf-IU was more remarkably upregulated by
Ca2+ in GP than in NP cells
Fibroblasts contain a cell surface receptor for tran-
sition metals, which stimulates the release of inositol
phosphate, resulting in an increase in intracellular
Ca2 concentration [33]. To test the e¡ect of Ca2
on Tf-IU in the both cells, the uptake was measured
in the absence and presence of Ca2 at the concen-
trations observed in cerebrospinal £uid and plasma
(Fig. 1B). Ca2 produced a 2-fold increase in both
cells at physiological concentrations (1.2 and 2.4
mM), compared with the control cells, whereas the
Tf-IU in GP cells was about two or three times
greater than that in NP cells at each concentration.
In human ¢broblasts, extracellular Ca2 resulted in
an increase of intracellular Ca2 at physiological and
supra-physiological concentrations [16]. Thus, the Tf-
IU system was more markedly upregulated by Ca2
in GP than in NP cells.
Fig. 1. E¡ect of temperature (A) and Ca2 (B) on Tf-IU in cul-
tured NP and GP cells from rat cerebral cortex. (A) Rat NP
and GP cells were incubated with 1 WM [55Fe]NTA in serum-
free medium at various temperatures. After incubation for 10
min, the cells were washed three times with PBS, and speci¢c
uptake was determined. Relative Tf-IU means the ratio of Tf-
IU in each cell at the indicated temperatures to that in NP cells
examined at 4‡C. Results are mean þ S.D. of three experiments.
a, Tf-IU of NP cells ; b, Tf-IU of GP cells. (B) Cells were
washed three times with Ca2-free Hank’s balanced salt solu-
tion (HBSS) and then incubated in Ca2-free HBSS with 1.2
and 2.4 mM Ca2 concentrations. The cerebrospinal £uid and
plasma in not only normal individuals but patients with Alz-
heimer’s disease contain Ca2 at the above concentrations, re-
spectively. The cells were then incubated with 1 WM [55Fe]NTA
for 10 min at 37‡C. Relative Tf-IU represents the ratio of the
Tf-IU in NP and GP cells at each Ca2 concentration to that
of NP cells at 37‡C. The cell density used was 3U106 cells/well.
Results are mean þ S.D. of three experiments. N, NP cells ;
G, GP cells.
Fig. 2. E¡ect of various metals on the Tf-IU in rat NP and GP
cells. NP (A) and GP (B) cells were washed three times and in-
cubated in serum-free medium for 1 h. Thereafter, the cells
were incubated with 50 WM Al-, Fe-, Cu-, Mn-, Ni-, Cd-, and
Zn-NTA for 24 h at 37‡C. The Tf-IU activity was measured as
described in Section 2. Results are mean þ S.D. of three experi-
ments.
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3.3. Al more markedly upregulated the Tf-IU in GP
than NP cells
To compare the upregulation of Tf-IU in NP cells
with that in GP cells, we measured the Tf-IU after
metal loading and the removal of various metals. As
shown in Fig. 2, various metal-nitrilotriacetates (Al-,
Cu-, Mn-, Ni-. Cd-, Zn-NTAs) upregulated the Tf-
IU. Al-NTA upregulated the Tf-IU system the most
in both cells. Al-loaded NP cells were upregulated by
up to 4-fold the level in NP cells without treatment
(Fig. 2A), Al-loaded GP cells up to 12-fold the level
(Fig. 2B). Thus, the upregulation in Al-loaded GP
cells was threefold higher than in Al-loaded NP cells.
3.4. The Tf-IU upregulation by Al or Fe was
dose-dependent in both cells
To examine which of the cells contributes most to
the Fe and Al uptake in cerebral cortex, the Tf-IU in
GP cells was compared with that in GP cells after
Fe- or Al-loading. The upregulation of Tf-IU in both
cells by Fe or Al is shown in Fig. 3A along with the
viabilities of the cells (Fig. 3B). After Fe- or Al-pre-
treatment, GP cells more markedly took up Fe than
did NP cells. Fe- or Al-pretreatment enhanced the
Tf-IU in a dose-dependent manner in both cells. At
200 WM of Fe- or Al-NTA, the Tf-IU in the living
GP cells was 3- or 9-times as much as that in control
NP cells (without treatment) with the same density.
3.5. GP cells are more resistant to metal toxicities
than NP cells
As shown in Fig. 3B, the viabilities of GP and NP
cells decreased with increasing metal concentrations.
Both cells are more sensitive to Fe than Al exposure.
At 200 WM Fe- and Al-NTA, the viabilities of GP
cells were 50% and 95%, while those of NP cells were
30% and 70%, respectively.
3.6. Al taken up by cells suppresses the expression of
Tf receptor mRNA more in glial than neuronal
cells
Fe metabolism in higher eukaryotes is regulated at
the post-transcriptional level by RNA^protein inter-
actions [34]. When the cellular Fe concentration is
low, iron regulatory protein (IRP) binds with high
a⁄nity as apoprotein to the iron-responsive element
(IRE) of Tf receptor (Tf-Rc) mRNA and stabilizes it
against targeted RNase attack [35]. Thus, when the
cellular Fe concentration increases, the mRNA level
decreases. As no radioactive isotope is available for
Al, we could not quantify Al accumulated in GP and
NP cells. Therefore, we performed Northern blot
Fig. 3. Upregulation of Tf-IU and viabilities of rat NP and GP
cells after exposure to Fe- or Al-NTA. Cells were exposed to
Fe- and Al-NTA at the indicated concentrations for 24 h. Tf-
IU and cell viabilities were measured after the treatments. Rela-
tive Tf-IU represents the ratio of the Tf-IU in both NP and
GP cells pretreated with Fe or Al to that of NP cells without
treatment. The viability is expressed as the percentage of cell
numbers obtained by visual counting in conjunction with try-
pan blue exclusion relative to untreated controls. Each point is
the mean þ S.D. of three separate experiments. (A) Relative Tf-
IU in NP and GP cells after Fe- or Al-pretreatment: 8, Tf-IU
of Fe-loaded GP cells ; R, Tf-IU of Al-loaded GP cells ; W, Tf-
IU of Fe-loaded NP cells ; O, Tf-IU of Al-loaded NP cells. (B)
Viabilities of NP and GP cells after Fe- or Al-pretreatment: 8,
viability of Fe-loaded GP cells ; R, viability of Al-loaded GP
cells ; W, viability of Fe-loaded NP cells ; O, viability of Al-
loaded NP cells.
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analysis and gel retardation assay to estimate Al ac-
cumulation in these cells (Figs. 4 and 5). As shown in
Fig. 4, both Al- and Fe-loading decreased the
amount of Tf-Rc mRNA in both cells. The relative
amount of Tf-Rc mRNA in both Al-loaded cells was
less than that in both Fe-loaded cells. In both load-
ings, the mRNA level of GP cells was lower than
that of NP cells.
3.7. IRP/IRE binding activities decrease in cytosol
fractions from Al- and Fe-loaded NP and GP
cells
To con¢rm the above suggestions, we performed a
gel retardation assay using IRE and cytosol fractions
from metal-loaded NP and GP cells under the con-
ditions used for Northern blot analysis. As shown in
Fig. 5, both Al- and Fe-loading decreased the
amount of IRP/IRE complex in GP and NP cells.
Moreover, the relative amount of complex in both
Al- and Fe-loaded GP cells was less than those in Al-
and Fe-loaded NP cells.
3.8. Fe- or Al-loaded GP cells generate lesser amounts
of reactive oxygen species than Fe- or Al-loaded
NP cells
Although FeCl3 forms superoxide (O32 ) in cerebral
cortex after intracortical injection [36], it is not
known which of the cortical cells generates O32 . To
investigate the mechanism by which the metal toxic-
Fig. 5. IRP binding activities of cytosol fraction from Al- and
Fe-loaded cortical cells. Rat NP and GP cells were treated with
50 WM Al- and Fe-NTA for 24 h at 37‡C. NP and GP cell ex-
tracts were prepared, and equal amounts of protein (5 Wg) were
incubated with a 32P-labeled IRE. The IRP/IRE complex was
separated on a native polyacrylamide gel. (A) IRP binding ac-
tivities of cell extracts from Al- and Fe-loaded NP cells. (B) The
amounts of IRP^IRE complex in A were quanti¢ed with an im-
age analyzer. (C) IRP binding activities of cell extracts from
Al- and Fe-loaded GP cells. (D) The amounts of IRP^IRE
complex in C were quanti¢ed with an image analyzer. Results
in B and D are expressed as the mean þ S.D. of three experi-
ments.
Fig. 4. Northern blot analysis of Tf-Rc mRNA in Al- and Fe-
loaded NP and GP cells. NP and GP cells were exposed to Fe-
and Al-NTA at 50 WM for 24 h at 37‡C. Cytoplasmic RNA
was isolated and samples of 5 Wg were analyzed on Northern
blots with human Tf-Rc and L-actin DNA probes. (A) Expres-
sion of Tf-Rc mRNA was assayed by Northern blot hybridiza-
tion in NP cells treated with 50 WM Al-NTA and Fe-NTA, re-
spectively. (B) The data in A were quanti¢ed and normalized to
the amount of L-actin mRNA. (C) Expression of Tf-Rc mRNA
was assayed by Northern blot hybridization in GP cells treated
with 50 WM Al-NTA and Fe-NTA, respectively. (D) The data
in C were quanti¢ed and normalized to the amount of L-actin
mRNA. Results in B and D are expressed as the mean þ S.D.
of three experiments.
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ity is expressed in these cells, reactive oxygen species
(ROS) were measured using a chemiluminescence
analysis speci¢c for O32 and singlet oxygen (
1O2).
In this experiment, we assayed ROS extracellularly
released from the cells after metal-loading using
2-methyl-6-(p-methoxy-phenyl)-3,7-dihydroimidazo-
[1,2-a]pyrazin-3-one hydrochloride (MCLA) reacting
speci¢cally with both O32 and
1O2 [37]. As shown in
Fig. 6 and Table 1, we detected MCLA-dependent
chemiluminescence without active oxygen stimulator
such as TPA in both Fe-loaded cells.
For the generation of ROS by Fe-loading, MCLA-
dependent intensity in GP or NP cells was 2.0- or
2.4-times as high as that in each control cell. The
intensity in the NP cells with or without Fe-treat-
ment increased 3.8- and 1.5-times that in GP cells
without treatment, respectively. ROS level in Fe-
loaded NP cells was 2.0-times that of Fe-loaded
GP cells.
For the generation of ROS by Al-loading, the
amount of ROS generated by GP or NP cells was
1.5- or 1.8-times that by each control cell. The inten-
sity in the NP cells with or without Al-treatment
increased 2.5- and 1.4-times that in GP cells without
treatment, respectively. ROS level in Al-loaded NP
cells was 2.5-times that of Al-loaded GP cells. Al-
loading generated less ROS than Fe-loading in
both cells.
In addition, to examine whether O32 is produced in
these cells, superoxide dismutase (SOD) was added
to the reaction mixtures containing ROS. In Fe-
loaded GP and NP cells, there was a 40% and a
54% decrease of chemiluminescence generated in
Fe-loaded cells, respectively. In Al-loaded GP and
NP cells, there was a 27% and a 43% decrease com-
pared with GP or NP cells with Al-treatment.
4. Discussion
Although the molecular mechanism of metal up-
take via the Tf-IU system is unknown, there is a fair
amount of experimental data on the characteristics
Table 1
MCLA-dependent chemiluminescence intensity produced by GP
and NP cells after Al- or Fe-loading
GP cells (cpm) NP cells (cpm)
Control 27 388 þ 1939 37 841 þ 3425
+Al, 3SOD 40 353 þ 1963 69 762 þ 4086
+Al, +SOD 29 535 þ 2808 39 834 þ 4425
Control 24 997 þ 2940 38 932 þ 3425
+Fe, 3SOD 51 735 þ 3924 94 680 þ 7588
+Fe, +SOD 31 571 þ 3008 43 423 þ 5485
After being incubated with 200 W M Fe- or Al-NTA at 37‡C
for 24 h, the cells were incubated in PBS containing MCLA at
37‡C, and chemiluminescence monitored with a chemilumines-
cence reader for 5 min. The intensity was expressed as cpm. Re-
sults are mean þ S.D. of three determinations.
Fig. 6. MCLA-dependent chemiluminescence generated by NP
and GP cells after Fe- or Al-loading. After being incubated
with 50 WM Fe-NTA at 37‡C for 24 h, the cells were incubated
in PBS containing 25 WM MCLA at 37‡C, and chemilumines-
cence monitored with a chemiluminescence reader for 15 min as
described in Section 2. After metal-loading, 0.5 WM Cu^Zn
SOD was added to the treated cells. The chemiluminescence in-
tensity in GP or NP cells was shown as cpm. Results are from
a single measurement of chemiluminescence in one representa-
tive experiment. (A) GP cells exposed to Fe-NTA; (B) NP cells
exposed to Fe-NTA; (C) GP cells exposed to Al-NTA; (D) NP
cells exposed to Al-NTA.
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of multiple Tf-IU systems in various mammalian
non-neuronal cells. From their characteristics, these
transport systems can be classi¢ed into two types: a
metal-induced and Ca2-dependent type, e.g., human
skin ¢broblasts and HeLa cells, and a non-metal-in-
duced and Ca2-independent type, e.g., K562 cells
[19]. The Tf-IU system of human skin ¢broblasts is
upregulated by iron salts. In HeLa cells and ¢bro-
blasts, divalent metal ions, such as Cu2, Zn2 and
Fe2 inhibit Fe3 uptake. By contrast, the K562 cell
transport mechanism is Ca2-independent and not
upregulated by extracellular Fe salts. Uptake of
Fe3-NTA by K562 cells was speci¢cally inhibited
by Cd2 and Cu2, whereas Mn2, Co2 and Ni2
were ine¡ective. Quite recently, it has been reported
the presence of a non-Tf-mediated uptake for Fe and
Mn in glial cells [38]. However, the Tf-IU of neuro-
nal and glial cells have not been characterized.
In this report, we examined the characteristics of
the Tf-IU system in both NP and GP cells from rat
cerebral cortex thought to be involved in the accu-
mulation of Al and Fe in the brain. The Tf-IU sys-
tem in cortical cells exhibited properties similar to
those of HeLa cells and human skin ¢broblasts in
two regards: the dependence on Ca2 and the upreg-
ulation by transition metals. Compared with the
characteristics in NP and GP cells, there are no dif-
ferences between them. However, we found that GP
cells are more remarkable than NP cells in terms of
the degrees of upregulation of Tf-IU by Al, suppres-
sion of Tf receptor (Tf-Rc) mRNA expression and
decrease of IRP^IRE complex by Al.
Histopathological hallmarks of the brain in AD
include the presence of neuro¢brillary tangles
(NFTs) and amyloid-rich senile plaques. Hyperphos-
phorylated d protein, ubiquitin, K1-antichymotryp-
sin, apolipoprotein E, heparin sulfate proteoglycans,
Al and Fe are common components of NFTs and
senile plaques [39]. Therefore, we focused on the nov-
el properties of Al comparing with Fe, and recently,
found that Al a¡ects the iron metabolism in neuronal
cells [7].
In the present study, we also showed that Al more
strongly augmented the Tf-IU activity in GP cells
than in NP cells. Even though neither cell types
was pretreated with Fe or Al, Tf-IU was twice that
in NP cells. These results suggest that glial cells, but
not neuronal cells appear to contribute to the metal
accumulation in cerebral cortex. Additionally, that
Al and Fe suppress the expression of Tf-Rc mRNA
more in GP than in NP cells and that both metals
more markedly accumulate in GP cells than in NP
cells. To con¢rm this, we performed two in vitro
experiments; The puri¢ed IRP binds Fe and non-
Fe metals to increase its aconitase activity and de-
crease binding activity for the IRE located in the 3P
untranslated region of Tf-Rc mRNA [40]. Moreover,
gel retardation assay showed that Al accumulation
decreased the a⁄nity of IRP to IRE.
We also found that ROS was generated in both
Fe- and Al-loaded NP and GP cells and showed
the generation of O32 in both Fe- and Al-loaded cells.
Behl et al. detected H2O2 using 2P,7P-dichloro-£uo-
rescein diacetate in AL-treated B12 cells derived from
the peripheral nervous system. This detection could
re£ect O32 production and conversion to H2O2 by
SOD in nerve cells [41]. The selective increase in lipid
peroxidation in the inferior temporal cortex of AD
brains [11] also supports our data. For the genera-
tion of 1O2, 1O2 is involved in oxidative damage to
membrane lipids in vitro, so it should be detectable
[42]. Although we could not clearly show the gener-
ation of 1O2 in this experiment, a part of the neuro-
nal cell death we observed here might be due to the
cell toxicity of ROS. Comparing the sensitivities of
the cells to oxidative stress, GP cells were more re-
sistant to Al and Fe toxicities than NP cells. Neurons
are more vulnerable than glia to insults such as is-
chemia, hypoxia, brain trauma [43]. It was also re-
ported that the antioxidant capacity of neurons in
culture is lower than that of glial cells in culture
[44]. Our ¢ndings are compatible with these reports.
The relation between the amount of ROS in both
cells and the viabilities of these cells may re£ect the
di¡erence between the antioxidant defence systems of
both cells.
In conclusion, glial cells contribute to the metal
accumulation and are more resistant to oxidative
stress caused by these metals than neuronal cells.
We speculate that glial cells which surround neuronal
cells accumulate Al or Fe to protect the neuronal
cells. This model system may also be applicable for
Al-induced AD, since the Al concentrations at which
cell toxicity occurred can be found in AD patients.
Since we should clarify which glial cells contribute
more to Al accumulation in the present study, at-
BBADIS 61979 24-10-00
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tempts to investigate the contribution in speci¢c glial
cell types are now under way.
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